Abstract -Wind turbines are traditionally used to generate electrical energy. However for small, remote applications a wind turbine can also be used to convert wind power into thermal power in order to reduce the cost of energy used for heating systems. The wind heat generator is based on the principle of the Joule machine driven by a wind turbine. To obtain optimal performance the torque-speed characteristics of the turbine and the heat generator should be matched. By recognising this requirement the model of a wind heat generator was developed and simulated. The result of the simulation shows the behavior of the wind heat generator operating at maximum power.
I. INTRODUCTION
Wind turbines are traditionally used to generate electrical energy rather than thermal energy because electricity is more easily utilised by consumers and converted into other types of energy. However for small, remote applications of wind turbines there is the possibility to use a wind turbine to convert wind power into thermal power directly [6] . The thermal energy produced by a wind turbine can be used to supply a house with heat in order to reduce the cost of gas or other form of energy used in traditional domestic heating systems. [1] The easiest way to convert mechanical energy into thermal energy is via the Joule machine. A heat generator based on this principle is a mixer installed into a tank with liquid. The shaft of a mixer is rotated by a wind turbine and the liquid is mixed by an impeller. Due to friction among molecules of the mixing liquid, mechanical energy is converted into heat energy. The heated liquid then transfers the heat to a heating system. The process comprising the Joule machine and Savonius wind turbine is shown on the schematic diagram in Fig. 1 .
The efficiency of the system "wind turbine -heat generator" depends on speed-torque characteristics of both elements of the system. The speed-torque characteristic of a wind turbine operated at maximum power condition should be a target characteristic for the heat generator. The optimum performance of the system can be achieved when both characteristics are matched. In this paper the simulation of the system operating under maximum power condition is considered.
II. WIND TURBINE
A wind turbine of the Savonius type for wind heat generation is chosen as an example. This type of turbine is a vertical axis wind turbine. The turbine has a low speed with its tip speed ratio (TSR) not exceeding 1. Savonius wind turbines are usually used for low speed applications such as pumping and very rarely for generating electricity. [2] Generally the amount of mechanical power generated by a wind turbine depends on wind speed and the parameters of the turbine. It is known [5] 
Heat Generator (Joule Machine) The load torque-speed characteristic corresponding to (9) is shown in fig. 4 and is the target characteristic for designing the heat generator. In this case the wind turbine delivers the maximum possible amount of mechanical power.
The chosen Savonius wind turbine has R = 0.5m and h = 2m.
The power coefficient Cp of the turbine with C'pAx = 0.195 at XE = 0.53 is shown in Fig. 2 . The family of power-speed characteristics and, correspondingly, the family of torque-speed characteristics of the turbine at different values of wind speed are shown in Fig. 3 and Fig. 4 respectively.
III. HEAT GENERATOR
The heat generator based on the principle of the Joule machine is a mixer which converts mechanical power into heat due to friction loss among molecules of the mixing liquid.
The process of mixing with a liquid is described by the following function [3] . Np = f (Re) (10) where Np is the power number, Re is Reynolds number.
The However, the process of mixing is based on an assumption that the main volume of the heat transfer liquid is not mobile. To prevent mobility of the main volume of the liquid, the tank should be provided with wall baffles.
During operation of the wind heat generator, mechanical energy converted into heat increases the temperature of the heat transfer liquid in the tank. Under lossless condition, the temperature increase of the liquid AT is proportional to the energy delivered by the wind turbine to the heat generator and can be defined by fthe AT =1 Pdt The nomenclature of parameters used for simulation is given in Table I . It is important to note that some of these parameters are using example values. An example of wind speed profile, shown in Fig. 6 , gives the fluctuation of the wind speed over a duration of 50 hours. The wind profile has significant turbulence and value of average 50 speed (7.5 m/s). It is used in order to simulate the performance of the wind heat generator at low and high wind speeds. [4] The results of simulation under lossless condition are given in Fig. 7 and Fig. 8 .
An electrical generator used with a wind turbine to produce electricity usually has a limited power output. When a gust occurs, a wind turbine delivers a peak of mechanical power. If the peak is higher than the rated power of the electrical generator, the generator cannot convert an exceeded mechanical power into electrical power. Compared to an electrical generator, the heat generator converts all the power delivered by a wind turbine into heat, increasing the temperature of the heat transfer liquid. Fig. 8 shows the temperature increase of the liquid in the tank. It can be seen that the higher peak of power, the faster the temperature rising. ating of wind turbine at maximum power condition, the match between the torque-speed characteristics of the wind turbine and the heat generator should be provided. For a given wind turbine the match can be achieved by calculation of the diameter of impeller, a general criterion for design of the heat generator.
